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INDUCTIVE ENERGY TRANSFER SYSTEM 

The present invention relates to an inductive energy transfer system for supplying energy 
from a stationary primary rail to a number of movable secondary rails each connected to a 
5 movable unit. The system is particularly suited for conveyor units of a sorter system, each 
unit having article-supporting means, the energy provided from the energy transfer system 
being used primarily for discharging articles from the article-supporting means. 

In particular, the invention relates to a system in which the primary rail as well as the 
10 secondary rails are provided with legs so that the legs in an operational position are 

overlapping so as to reduce the losses caused by the air gap between the primary rail and 
the secondary rails. 

Background of the invention 

15 

It is known from the prior art to transfer energy between a stationary part and one or more 
movable parts by means of inducting a current in a secondary coil on a movable part with 
a magnetic field generated by applying an actuating current in a primary coil on the 
stationary part. 

20 

The primary side of known inductive energy transfer systems typically comprises a single 
conductor that is more or less fully encircled by a rail or screen carrying the secondary coil 
of the secondary side and formed from a magnetic conductive material. The part carrying 
the secondary coil may be a ferrite core which is particularly suited as a magnetic 
25 conductive material. The supply unit for supplying power to the primary coil is commonly 
equipped with compensating means for providing compensation for rapidly changes in the 
loads on the primary coil from the secondary coils. 

Description of the invention 

30 

In order to improve the usefulness of inductive energy transfer, in particularly for systems 
with minor loads on the primary rail but also applicable to systems with larger loads, it is 
important the inductive energy transfer system is technically stable and reliable and is 
economically sound with respect to initial costs, installation as well as in operation. 
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It is an object of the present invention to provide an inductive energy transfer system in 
which the losses caused by the air gap between the primary coil and the secondary coil(s) 
are reduced. 

5 It is a further object of the present invention to provide a system in which the temporal 
variations in the loads on the primary coil from the secondary coil(s) are reduced. 

It is a yet further object of the present invention to provide a system in which the losses in 
the energy transfer are reduced and the efficiency thus is increased. 

10 

These and other objects of the present invention that will become apparent from the 
following description are fulfilled by means of the invention as disclosed below. 

Thus, the present invention concerns a sorter for conveying and sorting articles 
15 comprising 

a guide rail forming a closed loop, 

a U-shaped primary rail made from a magnetic conducting material and having a 
primary coil connected to a power supply unit for generating an actuating current in the 
primary coil, the primary rail being positioned along at least a part of the guide rail, and 

20 a plurality of movable units moving along said guide rail, each unit having article- 

supporting means defining at least one article-supporting surface, means for discharging 
articles from said surface and a U-shaped secondary rail made from a magnetic 
conducting material and having a secondary coil, the secondary rail being so positioned 
during operation that the legs of the primary rail and the legs of the secondary rail overlap 

25 over a substantial part of the secondary rail in the direction of motion of the unit, the 

overlap being of at least twice the distance between the leg in question of the primary rail 
and the corresponding leg of the secondary rail, the unit having means for using energy 
inducted in the secondary coil for driving the means for discharging articles. 

30 The overlap is in the embodiment shown in Fig. 1 of about four times the distance 
between the legs defining the air gap the magnetic flux has to pass. The longer the 
overlap the lower the losses, but the air gap must from a practical point of view have a 
minimum size and the length of the overlap is restricted by the length of the legs of the 
rails. A realistic ratio of the overlap and the air gap is from the practical point of view 

35 between 1 and 10, preferably from 2 to 6 with 4 as a suitable level. 
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The length of the secondary rails in the direction of motion of the unit depends of cause 
on the size of the units and the spacing between consecutive units but between 0.1 m and 
1 m are reasonable for most applications, preferably between 0.15 m and 0.3 m. 

5 

It is an advantage that the secondary rails are arranged with a minor gap in the 
longitudinal direction of the primary rail between consecutive secondary rails so as to 
improve the efficiency of the system. The secondary rails should therefore cover from 
30% to 95% of the primary rail in the longitudinal direction of the primary rail. In preferred 
10 embodiments are 50%-65% of the primary rail covered which has proven to be sufficient 
to ensure a satisfactory efficiency although the efficiency will be further improved if about 
95% of the primary rail is covered, which is a maximum from a practical point of view if 
mutual motion of consecutive secondary rails is to be allowed for. 

15 The present invention may be used to provide power directly from the secondary coil to 
power consuming devices on the movable units, a so-called direct drive. However, the 
actuating current in the primary coil may be skewed or disturbed if these devices have a 
high power consumption resulting in disturbances in the remaining movable units having a 
secondary coil and possibly to a decrease of efficiency of the energy transfer system. 

20 

Thus, in a preferred embodiment of the present invention, the movable units comprise 
energy storage means for storing energy inducted in the secondary coil, in particular an 
electric battery but the energy may be stored by means of other storage means, such as 
one more capacitors. The variable power consumption of the means for discharging 

25 articles from the article-supporting surface is in this way smoothened so that the mean 
energy transfer to a unit when the primary rail and the secondary rail are in an operational 
position is low, typically a current between 200 and 1000 mA and preferably between 400 
mA and 800 mA at a voltage of between 5 VAC and 30 VAC, preferably between 10 VAC 
and 20 VAC, such as about 16 VAC, which after rectifying becomes a voltage of 12-14 

30 VDC. The smoothening of the power consumption means that the transferred power is 
low and substantially constant for which reason the energy transfer system may be 
constructed simple and without means for compensating for rapid changes in the load on 
the primary side of the system. 
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According to an alternative embodiment of the invention, two or more units are electrically 
connected and share a common energy storage means. 

The sorter may advantageously comprise a shield made from a non-ferromagnetic, 
5 electrically conducting material, the shield substantially encircle the outer of the primary 
rail at a distance less than the distance between the leg of the primary rail and the 
corresponding leg of the secondary rail. The shield may closely adjacent to the primary 
rail and partly or completely in abutting contact with the primary rail. The shield is in a 
preferred embodiment mainly made from aluminium. 

10 

Furthermore, the secondary rail may be provided with a middle leg carrying the secondary 
coil, the primary coil being in this case arranged so that a first part of at least one winding 
of the primary coil passes between a first leg of the secondary rail and the middle leg and 
a second part of the at least one winding carrying the return current of the first part passes 
15 between a second leg of the secondary rail and the middle leg. 

The primary coil may be arranged within the primary rail and be carried by holding means 
made from a non-ferromagnetic material. 

20 The article-supporting means of the movable units comprise in a preferred embodiment of 
the present invention an endless belt defining the article-supporting surface, the belt being 
movably arranged and having means for moving the belt so as to discharge articles 
carried by the belt. The means for moving the belt is power supplied by means of the 
secondary coil. Preferably, the belt is movably arranged in a direction substantially 

25 perpendicular to the direction of motion of the unit. 

According to an alternative embodiment of the present invention comprise the article- 
supporting means of the movable units a tray that is arranged so that it may be tilted 
about an axis that is substantially parallel- to the direction of motion of the unit by means of 

30 a tilt mechanism that is supplied with power from the secondary coil. Articles supported by 
the article-supporting surface defined by the tray may thus be discharged in a direction 
being substantially perpendicular to the direction of motion of the unit. 
The power supply unit for generating the actuating current in the primary coil comprises in 
a preferred embodiment of the present invention means for impressing a pulsed actuating 

35 voltage onto the primary coil which forms part of a tuned resonance circuit comprising a 
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capacitor and the power supply unit further comprises means for measuring the 
magnitude of the generated current in the primary coil and adjusting the puise-width of the 
actuating voltage in order to achieve a predetermined magnitude of the generated current. 

5 Alternatively or additionally, the power supply unit may, apart for means for impressing a 
pulsed actuating voltage onto the primary coil which forms part of a tuned resonance 
circuit comprising a capacitor, further comprise means for successively changing the 
frequency of the actuating voltage within a predetermined frequency range and means for 
determining the temporal relation between the pulses of the actuating voltage and the 
1 0 phase of the generated current so as to determine the resonance frequency of the tuned 
resonance circuit 

The above-described power supply unit constitutes, when applied to an inductive energy 
transfer system, an invention in itself. Likewise, the above-described inductive energy 
15 transfer system constitutes an invention in itself, whether or not it is applied to a sorter. 

Detailed description of a preferred embodiment 

The inductive energy transfer system according to a preferred embodiment of the present 
20 invention as shown in Fig. 1 comprises the following three main components: 

the primary supply unit (PSU) which is the power supply unit for the primary, 
stationary rail 1, 

the primary rail 1 which is a stationary rail carrying the primary side, the primary 
coil 2, of the inductive system, 
25 the secondary rails 3 which are movable rails connected to one of the movable 

units that receive power from the inductive system, the secondary rails 3 carry the 
secondary sides 4 of the inductive system. 

The PSU is fed with 3 x 400-500 VAC, 50/60 Hz, which subsequently is rectified and 
30 smoothened to 560 VDC. A sinusoidal actuating current of about 22 A RMS at a 

frequency of approximately 20 kHz is created by means of a pulse-width modulated drive 
circuit with a constant current generator and capacitor(s) for providing a tuned resonance 
circuit comprising the capacitor(s), the primary coil and the conductors connecting the part 
of the circuit comprised in the PSU with the part comprised on the primary side, i.e. the 
35 primary coil. A square-pulsed actuating voltage is impressed on the tuned resonance 
circuit in which a sinusoidal current will be generated if the frequency of the impressed 
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actuating voltage is close to the resonance frequency of the circuit. The magnitude of the 
current is measured and the puise-width is adjusted in order to keep a constant current 
irrespectively of the load on the circuit. The current is led from the PSU via shielded 
conductors to the primary side 2 of the inductive system. The PSU is arranged so that the 
5 length of the conductors from the PSU to the primary side is minimised, preferably to a 
length of or below 1.5 meter, in order to minimise electromagnetic noise 

The frequency of the impressed voltage is at start-up of the system swept from 16 to 22 
kHz in order to find the correct resonance frequency of the tuned resonance circuit. This 

10 frequency may be different for the different circuit due to different set-up, length of the 
primary rail and coil, length of conductors etc. The resonance frequency is found when the 
voltage pulses are in temporal coincidence with the actuating currents passage of zero 
current. The frequency of the impressed voltage is fine-tuned at regular intervals, e.g. 
every 100 milliseconds, in order to compensate for variations of the resonance frequency 

15 of the circuit due to variation in the load on the circuit because the units connecting to the 
primary coil have a varying power consumption, in particular if the system of the present 
invention is used for conveying heavier articles or the system is used to supply power to 
units that are arranged in trains of units with a possible large spatial distance between 
consecutive trains so that the primary coil at a given time only connects with a few units or 

20 no units at all. 

The actual implementation of the above-described Power Supply Unit will be apparent to 
the person skilled in the art and is for that reason not disclosed in details in the present 
description. 

25 

The losses in the primary circuit are decreased and the efficiency thereby increased by 
impressing the voltage at the resonance frequency of the primary circuit. Thereby, the 
usage of e.g. less expensive materials with higher losses or the usage of other solutions 
that imply losses is allowable without resulting in an overall efficiency of the system being 
30 unacceptably low. The primary side of the system may also be formed without the use of 
capacitors so that no tuned resonance circuit is formed but the current will not become 
sinusoidal thus generating electromagnetic noise. 

The primary rail 1 is formed as a U-rail and is made from 1 mm silicon-containing 
35 transformer steel-plate. The length of the legs of the U perpendicular to the direction of 
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motion is 28.5 mm. Along the rail is mounted a profile 5 of a non-ferromagnetic material, 
such as an extruded or injection moulded plastic material, which carries the primary coil 2. 
The primary coil 2 is made from a copper conductor "of a 6 square millimetre circular 
cross-section that forms two serial windings coupled to the PSU. The two windings may 
5 alternatively be arranged as parallel windings but demand in that case a higher current 
and thus higher losses than serial windings. Conductors of a circular cross-section are 
preferred over the more common choice of a flat conductor with a rectangular cross- 
section because they are more easy to mount in a primary rail. However, the flat 
conductor utilises the cross-sectional area of the conductor more efficient because the 

10 Kelvin skin effect is less pronounced than for conductors of a circular cross-section. The 
secondary rail may also on average over the area move closer to the area of a flat 
conductor and thereby reduce the air gap losses. A lower current and thereby lower 
losses may be applied by using two windings instead of one and the usage of two circular 
conductors arranged side by side allows for a more compact design than one, larger 

15 circular conductor. Furthermore, the Kelvin skin effect is lower for two windings of a 
smaller cross-sectional area than one winding of a higher cross-sectional area and the 
two windings may be arranged so that a secondary rail may on average over the area 
move closer to the cross-sectional area of the two windings and thereby reduce the air 
gap loss. 

20 

The secondary rails 3 has a length in the direction of motion of 220 mm and comprises 
each two U-rails made from 1 mm silicon-containing transformer steel-plate mounted 
together forming an E of which the legs are of a length of 23.5 mm in a direction 
perpendicular to the direction of motion. The height of the E is 65 mm. The middle leg of 

25 the E carries the secondary coil 4 which comprises 25 windings made from a copper 
conductor of a diameter of 0.56 mm. The secondary coil is connected to a cart controller 
board (CCB). The legs of the U-rails placed in the middle of the E are further equipped 
with a bend 6 so as to increase the face area of the plate forming the legs and the primary 
rail 1 through which area the magnetic field travels between the middle leg and the 

30 primary rail 1 , thus decreasing the magnetic resistance in the system and increasing the 
efficiency of the system. It is not, due to the presence of the battery, required to include a 
capacitor in the secondary circuit comprising the secondary coil for forming a tuned 
resonance circuit, because the battery smoothens the load on the secondary circuit as 
well as the primary circuit comprising the primary coil. 
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The primary rail 1 is mounted on the guide rail 7 of the sorter. The guide rail 7 is made 
from aluminium and the guide rail is at the mounting position formed so as to provide a U- 
shaped shield 8 around the primary rail. This shield "8 of a non-ferromagnetic but 
electrically conducting material, in this case aluminium, increases the efficiency of the 
5 energy transfer system by restricting the spreading of the induced magnetic field away 
from the primary rail 1 . 

If the primary coil 2 is fed with the voltage U1 having the frequency f, the primary current 
will create an alternating magnetic field <(>1 around the primary coil 2 and in the primary rail 
1. This alternating field will also go through the secondary rail 3 and the secondary coil 4 
when the secondary coil 4 is in its operational position relative to the primary rail 1. The 
alternating field is hereby inducting a secondary voltage U2 in the secondary coil 4, the 
secondary voltage being in opposition to the voltage U1 of the primary coil 2. The 
secondary voltage U2 is rectified in the CCB and is fed via a charge circuit on the CCB to 
a 12 V battery on the movable unit 9. The power from the battery is primarily used to drive 
a cross-belt 10 on the movable unit 9 for loading an article onto the belt 10 or for 
discharging article carried on the belt 10, or it may be used for activating a tilt mechanism 
to tilt a tray, thus discharging an article carried on the tray. The power may also be used 
for other purposes, such as for driving a control unit controlling the discharge of articles, 
an antenna for reading radio frequency tags (RFID) on the articles, etc. 

The primary rail 1 comprising the primary coil 2 is only arranged along straight sections of 
the guide rail 7 of the sorter. The length of each primary rail 1 is chosen to be about 15 m 
and each primary rail 1 has one PSU associated with it. The number of primary rails 1 on 
25 a sorter is given by the number of groups of loading stations alternating with groups of 
discharge stations along the path of the sorter since power primarily is used for loading 
and/or discharging articles. The total length of the sorter plays only a minor role when the 
number of primary rails 1 is to be decided since the stand-by power consumption of the 
units is low. 

30 

Each length of the primary rail 1 of 15 m is divided into sub-lengths of 0.5 m without 
electrical contact between consecutive sub-lengths in order to delimit the eddy current 
losses in the primary rail 1 . Any division of the rail into sub-lengths, such as lengths of 
0.05 m to 3 m, will reduce the losses and the preferred range of 0.25 m to 1 m is selected 
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from a practical and mechanical point of view. The rail may advantageously with respect 
to the losses be divided into even smaller parts, such as lengths of 0.1-0.3 m. 

Choice of frequency 

5 

The present inductive energy transfer system according to the invention has an air gap 
between the primary and the secondary side and the magnetic flux § must pass this air 
gap. The magnetic induction B is inversely proportional to the distance between the 
primary side and the secondary side. According to the transformer equation this may be 

10 compensated by increasing the frequency f. A number of experiments have been 
conducted in the frequency range from 2 kHz to 20 kHz and the latter frequency was 
chosen from a demand of minimal acoustic noise level for working environment 
considerations. A similar efficiency may be achieved at a lower frequency but the acoustic 
noise may constitute an environmental problem in that case. The chosen frequency 

15 requires shielding of the conductors between the PSU and the primary rail in order to 
prevent electromagnetic noise from affecting electronic equipment and the personnel. 
However, the chosen frequency requires that the actuating current in the primary circuit is 
very close to be a perfect sinusoidal function in order to avoid the generation of 
electromagnetic noise. 

20 

Material for the rails 

The rails 1 , 3 have been made from 1 mm transformer plate instead of a laminate of a 
number of 0.3 mm or 0.5 mm plate which is commonly used in transformers and which 

25 causes less eddy-current losses. That solution would be much more mechanically 
complex to manufacture due to the number of plates to be bend into shape as well as 
more vulnerable, and the more stable solution with 1 mm plate was chosen. The 
employed plate contains about 3% silicon which increases the ohmic resistance of the 
steel thus reducing the eddy-current losses. The plates are annealed at 820° C for an 

30 hour after being bend into shape to form primary and secondary rails whereby the 
magnetic hysteresis losses in the rails are reduced, primarily at the corners of the rails. 
The annealing process does not affect the eddy current losses substantially. 

The use of powder cores with iron powder and an isolating binder or a ferrite core instead 
35 of the plate would reduce the eddy-current losses drastically but these solutions are much 
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more expensive and especially the powder cores are much more mechanically vulnerable. 
Likewise are iron-nickel alloys much more expensive than transformer steel-plates. 

A number of alternative configurations of primary and secondary sides of an inductive 
5 energy transfer system are shown in Fig. 2 A - L. The primary rail 1 , the primary coil 2, 
the secondary rail 3 and the secondary coil 4 are indicated on the figures. In some of the 
embodiments (B, C and K), the guide rail is used for conducting the return current from 
the primary coil 2 for which reason only one primary conductor is shown on the respective 
figures. 

10 

The present invention also relates to a system for inductive energy transfer as such which 
may be used for a sorter or may be applied to other devices in which inductive energy 
transfer is a suitable method of transferring energy from one primary system to one or 
more secondary systems in which the secondary systems may move relatively to the 
15 primary system. Furthermore, the present invention also relates to the disclosed Power 
Supply Unit applied to an inductive energy transfer system as such. 
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CLAIMS 

1. A sorter for conveying and sorting articles comprising 

a guide rail forming a closed loop, 
5 a U-shaped primary rail made from a magnetic conducting material and having a 

primary coil connected to a power supply unit for generating an actuating current in the 
primary coil, the primary rail being positioned along at least a part of the guide rail, and 

a plurality of movable units moving along said guide rail, each unit having article- 
supporting means defining at least one article-supporting surface, means for discharging 
10 articles from said surface and a U-shaped secondary rail made from a magnetic 

conducting material and having a secondary coil, the secondary rail being so positioned 
during operation that the legs of the primary rail and the legs of the secondary rail overlap 
over a substantial part of the secondary rail in the direction of motion of the unit, the 
overlap being of at least twice the distance between the leg in question of the primary rail 
15 and the corresponding leg of the secondary rail, the unit having means for using energy 
inducted in the secondary coil for driving the means for discharging articles. 

2. A sorter according to claim 1, wherein the movable units comprise energy storage 
means for storing energy inducted in the secondary coil. 

20 

3. A sorter according to claim 2, wherein the storage means comprises a battery. 

4. A sorter according to any of the preceding claims comprising a shield made from a non- 
ferromagnetic, electrically conducting material, the shield substantially encircle the outer 

25 of the primary rail at a distance less than the distance between the leg of the primary rail 
and the corresponding leg of the secondary rail. 

5. A sorter according to claim 4, wherein the shield mainly is made from aluminium. 

30 6. A sorter according to any of the preceding claims, wherein the secondary rail is 

provided with a middle leg carrying the secondary coil, the primary coil being arranged so 
that a first part of at least one winding of the primary coil passes between a first leg of the 
secondary rail and the middle leg and a second part of the at least one winding carrying 
the return current of the first part passes between a second leg of the secondary rail and 

35 the middle leg. 
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7. A sorter according to any of the preceding claims, wherein the primary coil is arranged 
within the primary rail and is carried by holding means made from a non-ferromagnetic 
material. 

5 

8. A sorter according to any of the preceding claims, wherein the article-supporting means 
of the movable units comprises an endless belt defining the article-supporting surface, the 
belt being movably arranged and having means for moving the belt so as to discharge 
articles carried by the belt. 

10 

9. A sorter according to claim 8, wherein the belt is movably arranged in a direction 
substantially perpendicular to the direction of motion of the unit. 

10. A sorter according to any of the preceding claims, wherein the power supply unit 
15 comprises means for impressing a pulsed actuating voltage onto the primary coil which 

forms part of a tuned resonance circuit comprising a capacitor and the power supply unit 
further comprises means for measuring the magnitude of the generated current in the 
primary coil and adjusting the pulse-width of the actuating voltage in order to achieve a 
predetermined magnitude of the generated current. 

20 

1 1 . A sorter according to any of the preceding claims, wherein the power supply unit 
comprises means for impressing a pulsed actuating voltage onto the primary coil which 
forms part of a tuned resonance circuit comprising a capacitor and the power supply unit 
further comprises means for successively changing the frequency of the actuating voltage 

25 within a predetermined frequency range and means for determining the temporal relation 
between the pulses of the actuating voltage and the phase of the generated current so as 
to determine the resonance frequency of the tuned resonance circuit. 

12. A system for inductive energy transfer comprising 

30 a U-shaped primary rail made from a magnetic conducting material and having a 

primary coil connected to a power supply unit for generating an actuating current in the 
primary coil, and 

a plurality of movable units each having a U-shaped secondary rail made from a 
magnetic conducting material and having a secondary coiL the secondary rail being so 
35 positioned during operation that the legs of the primary rail and the legs of the secondary 
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rail overlap over a substantial part of the secondary rail in the direction of motion of the 
unit, the overlap being of at least twice the distance between the leg in question of the 
primary rail and the corresponding leg of the secondary rail. 

5 13. A system according to claim 12, wherein the movable units comprise energy storage 
means for storing energy inducted in the secondary coil. 

14. A system according to claim 13, wherein the storage means comprises a battery. 

10 15. A system according to any of claims 12-14 comprising a shield made from a non- 
ferromagnetic, electrically conducting material, the shield substantially encircle the outer 
of the primary rail at a distance less than the distance between the leg of the primary rail 
and the corresponding leg of the secondary rail. 

15 16. A system according to claim 15, wherein the shield mainly is made from aluminium. 

17. A system according to any of claims 12-16, wherein the secondary rail is provided with 
a middle leg carrying the secondary coil, the primary coil being arranged so that a first 
part of at least one winding of the primary coil passes between a first leg of the secondary 

20 rail and the middle leg and a second part of the at least one winding carrying the return 
current of the first part passes between a second leg of the secondary rail and the middle 
leg. 

18. A system according to any of claims 12-17, wherein the primary coil is arranged within 
25 the primary rail and is carried by holding means made from a non-ferromagnetic material. 

19. A system according to any of claims 12-18, wherein the power supply unit comprises 
means for impressing a pulsed actuating voltage onto the primary coil which forms part of 
a tuned resonance circuit comprising a capacitor and the power supply unit further 

30 comprises means for measuring the magnitude of the generated current in the primary 
coil and adjusting the pulse-width of the actuating voltage in order to achieve a 
predetermined magnitude of the generated current. 

20. A system according to any of claims 12-19, wherein the power supply unit comprises 
35 means for impressing a pulsed actuating voltage onto the primary coil which forms part of 
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a tuned resonance circuit comprising a capacitor and the power supply unit further 
comprises means for successively changing the frequency of the actuating voltage within 
a predetermined frequency range and means for determining the temporal relation 
between the pulses of the actuating voltage and the phase of the generated current so as 
5 to determine the resonance frequency of the tuned resonance circuit. 

21 . A system for inductive energy transfer comprising 

a primary coil connected to a power supply unit for generating an actuating current 
in the primary coil, and 

10 a plurality of movable units each having a secondary coil, 

wherein the power supply unit comprises means for impressing a pulsed actuating voltage 
onto the primary coil which forms part of a tuned resonance circuit comprising a capacitor 
and the power supply unit further comprises means for measuring the magnitude of the 
generated current in the primary coil and adjusting the pulse-width of the actuating voltage 

15 in order to achieve a predetermined magnitude of the generated current. 

22. A system according to claim 21 , wherein the power supply unit further comprises 
means for successively changing the frequency of the actuating voltage within a 
predetermined frequency range and means for determining the temporal relation between 

20 the pulses of the actuating voltage and the phase of the generated current so as to 
determine the resonance frequency of the tuned resonance circuit. 

23. A system according to claim 21 or 22, wherein the movable units comprise energy 
storage means for storing energy inducted in the secondary coil. 

25 

24. A system according to claim 23, wherein the storage means comprises a battery. 



30 
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